This paper elaborates a Spatial Autoregressive and Spatial Error Model (SAR-SE Model) to investigate the Italian house price dynamics. House prices in real terms have been modelled for the period 1995-2008 in all the 103 Italian provinces along with affordability ratio, persistency term, some social-economic variables and credit market variables. One of the key results of this paper, is the evidence on house price spatial autocorrelation, verified through the Baltagi, Song and Koh (2003) LM test. On the contrary, no evidence of housing price overvaluation has been found, in comparison with the fundamental values determined by interest rates, households income, rents, employment and construction cost.
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Introduction
In many OECD countries house prices in real terms raised sharply since the mid "90s. As shown by Morana and Beltratti (2009) , in the period 1999-2007 house prices increased at an yearly average real rate of about 5% in the US, Euro Area and Canada, and at a yearly rate closed to 9% in the UK. Over the same time period, the average real income growth has been between 2% and 3% whereas nominal interest rates and inflation have been low (3% to 5% and 2% to 2.6%, respectively) and broad liquidity has grown at generous rates (6% to 8%). The housing market has started turning negative in 2007, as real prices have started decreasing in the US, and afterwards many other countries show similar patterns. In Italy, in the same period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) real house prices increased by a 3.8% per year and the Affordability Ratio, that is the ratio between house prices and incomes, shown a 20% increase (see Figure 1. ). The Price-Rent Ratio otherwise kept a stable profile in the period so the revaluation process that is taking place can"t be considered a bubble with certainty. Moreover the Affordability Ratio at 1999, according to IMF study (2005) , is below the long-run level computed considering a larger temporal horizon (see Figure 2. ). There is also a significant spatial variation in house prices at the local level. For these reasons the use of fundamental theory in an econometric model and the necessity of analyzing "locally" instead of "nationally" is needed to test whether such an Italian house price bubble effectively exists. In fact, the recent global housing price "boom" may be justified by fundamental 1 dynamics but it could be related to non fundamental based mechanisms as "irrational exuberance" (Shiller, 2005; 2 ), or mispricing related to the combination of inflation and money illusion (Brunnermeier and Julliard, 2008) . This "irrational exuberance" (Shiller, 2005; may lead to an exponential increase in house prices up to levels significantly higher than ones compatible to fundamentals. Stiglitz (1990) defined "speculative bubble" as a continuing rise in the price of an asset sustained by the belief that the asset"s price will continue to rise, although it is already high in comparison to fundamentals. The greater the mismatch vis-à-vis the long-term trend, the more likely the bubble will be followed by a sudden and sharp contraction in demand, with an associated price drop 3 . Many economists analyzed the recent boom at international level and the empirical evidence is mixed. Some studies underline the cumulated overvaluation in housing prices of about 30% since 2004, not only for the US, but also for some other OECD member countries (Girouard et al., 2006; Finicelli, 2007; Gros, 2007) . Jacobsen and Naug (2005) did not find any evidence of housing price overvaluation in the US at national level, compared with 2 fundamental values determined by interest rates, households income, unemployment and housing supply. Otherwise McCarthy and Peach (2004) analyse US housing market in recent years and find little evidence to support the existence of a national home price bubble. Himmelberg et al. (2005) analyze, differently from the previous cases, the US real estate market at local level (46 metropolises) and, although a speculative bubble in all US metropolitan areas considered did not emerge, the US cumulative house price increases were relevant in many metropolises, suggesting a house price boom in many cities. Nevertheless, most academic studies on the Real Estate market focus on house price dynamics at national level 4 in order to evaluate the existence of a house price boom. However, house prices are inherently a local phenomenon and, therefore, national-level data may obscure important economic differences between cities. At this local level (provincial 5 ), 6 for Italy, Caliman (2006, 2008, 2009 ) did not find any evidence of housing price overvaluation, compared with fundamental values. According to the International Monetary Fund (IMF) procedure, in order to test whether such a bubble effectively exists, a comparison between current prices and estimates of the trend values compatible with fundamentals is necessary. If the difference is slight, the discrepancy between the two values could be put down to uncertainty in the accuracy of estimates whereas if the difference is big, the danger of a speculative bubble is real. The main aim of this paper is to develop the previous works by Caliman (2006, 2008, 2009 ) on the Italian house market exposure to a house price boost through the use of Spatial Autoregressive and Spatial Error Model (SAR-SE Model). To achieve this goal the dataset of the macroeconomic variables at a provincial level for the period 1999-2008 has been created. Secondly, we analyzed different spatial specifications of house price models in order to select the best formulation of the spatial house price models. Finally, we performed the selected spatial model in order to verify the smaller Italian exposure to house price bust. The remain of the paper is organized as follows. Section 2 describes the alternative spatial model and the estimation procedure suggested by spatial econometrics. Section 3 analysis the selected model. In Section 4 the dataset is described. Section 5 comments the empirical findings. Finally section 6 concludes the paper.
Methodology
The typology of models developed in this paper must take into account both the problem of spatial dependence and the problem of serial error dependence. In fact, not only does "location" play an important role in explaining real estate prices, but also "time" matters in the determination of property prices. Spatio-Temporal models jointly consider both spatial and temporal effects and have the potential in explaining the evolution of housing prices. (see Gelfand et al., 1998 Gelfand et al., , 2003 Gelfand et al., , 2004 Can and Megbolugbe, 1997; Pace et al., 1998 Pace et al., , 2000 Sun et al., 2005; Smith and Wu, 2009 for Spatio-Temporal analyses). Lately, Smith and Wu (2009) evaluate the impact of community development projects on housing price trends. 4 For the Italy see for example Nucci (1996) . 5 Italian provinces are the second of the three local government administrative levels in Italy: regions, provinces, municipalities. Consulente Immobiliare (the real estate data source, used in this work) elaborates house prices for the municipalities which are capitals of each province. 6 Even if some authors provide disaggregate information on the influence of some spatial or geographical variables on Italian house prices (see, for example, Cannari et al., 2000) , no paper (with the exception of Caliman 2006 and 2009), to the best of our knowledge, has ever considered the presence of a speculative bubble over time.
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They propose a new modelling approach that is capable of accommodating both and have the potential in explaining the evolution of housing prices (see Gelfand et al., 1998 Gelfand et al., , 2003 Gelfand et al., , 2004 Can and Megbolugbe, 1997; Pace et al., 1998 Pace et al., , 2000 Sun et al., 2005; Smith and Wu, 2009 for spatiotemporal analyses). The model allows for both the spatio-temporal lag effects of previous sales in the vicinity of each housing sale, and for general autocorrelation effects over time. In particular for the present work the model chosen is the time-space recursive one:
where Wy t-1   is the i-th element of the spatial lag vector applied to the observations on the dependent variable (y i ) in the previous time period (using a N by N spatial weights matrix for the cross-sectional units), f(z) as a generic designation for the regressors (which may be lagged in time and/or space) and  i is the error term. The estimation of panel data models that include spatially lagged dependent variables and/or spatially correlated error terms follows as a direct extension of the theory developed for the single cross-section. In the first case, the endogeneity of the spatial lag must be dealt with, in the second, the non-spherical nature of the error variance covariance matrix must be accounted for. Two main approaches have been suggested in the literature: the maximum likelihood estimation (see, among others, Ord, 1975; Mardia and Marshall, 1984; Anselin, 1988; Anselin and Bera, 1998, Kelejian and Prucha, 1999b ) and the method of moments (e.g., Anselin, 1988 Anselin, , 1990 Kelejian and Robinson, 1993; Prucha, 1999a, 1999b) .
3. The adopted model The adopted model considers as house price drivers all the "classical" explanatory variables or fundamentals adding persistency and reversibility (see, among the others, Capozza et al. 2004) . The model explores house price dynamics, using data from 103 provinces between 1995 and 2008. The persistency factor is used to determine how well the past price of an asset predicts its future price. Whereas reversibility denotes the capability of re-establishing the original condition after a change, in this context, reversibility means stability of the long-run trend, the so called ""dynamic equilibrium"" or ""equilibrium path"". The equilibrium path is the locus of house prices which are compatible with fundamentals. Thus, house price reversibility implies that a house price increase, which creates a misalignment in house price indicators (such as price/rent ratio, affordability ratio, etc.), will be follow by a house price reduction 7 . Differently from the previous works by Caliman (2006, 2008, 2009 8 ) we consider spatial effects directly in the model specification (Meen, 1996 (Meen, , 1998 (Meen, , 2001 ). The spatial effect arises when the statistical unit, each province, is characterized by a specific geographic location (which can generate migration flows and the ripple effects 9 ). The model that has been applied postulates that residential house prices at provincial level are determined by the following factors: 7 In the literature the affordability ratio, measuring the accessibility of house purchase given the medium level of the income, is used as a proxy variable for the long-run trend. This simplification is also used in this study. 8 In these works the theoretical model is an adaptation to the Italian context of the one formulated by Terrones et al. (2004) , which compares house price indexes on an international scale. 9 The submarkets" existence causes heterogeneous diffusion of the revaluation process with local propagations like wildfire, the so-called ripple effect. The ripple effects denote the existence of some cities, metropolises or provinces which anticipate housing booms (busts) propagating the revaluation (devaluation) process to neighbouring areas, in this case to neighbouring provinces (in 4  Past real house price growth measures the persistency of the revaluating house price process;
i.e. the current rise is serially correlated with the past growth;  Past affordability ratio (the ratio of house prices to per capita income) considering reversibility: if the house prices show long-run reversion to fundamentals, then house prices tend to drop when they are out of line with respect to income levels. Thus, its coefficient must be negative;  Economic Fundamentals: the house price dynamic is positively influenced by rental growth trends (higher rents guarantee higher housing investment returns, inducing a house price revaluation and vice versa) and negatively affected by interest rates (lower interest rates increase households" capacity to borrow);  Other fundamentals influencing house prices: the credit dynamics (credit market evolution and liberalization , e.g. a rise of Loan to Value -LTV to 100%, and an extension of credit access to "atypical" workers), the past growth of real stock prices (Mibtel, that is the main Italian Stock Market Index, in term of volume growth and bust dummy, introduced to account for partial substitution between houses and shares in investment portfolios), the population growth in local house submarkets (as proxy for the growth rate of households), the number of employees (as individuals prefer to purchase a house in areas with high job opportunities) and residential population growth, some dummies reflecting the evolution of the sector-related Italian legislation, the other user costs of housing 10 (i.e. the municipally-levied property tax Imposta Comunale sull'Immobile -ICI, mortgage interest). Therefore the proposed model is a semilog-model 11 , similarly to the Terrones one (2004), described by the following equation:
Where W is the spatial weight matrix (inverse distance matrix) and: (4) (5) is the iT5 matrix of the quantitative variables, whereas: fact when house prices increase substantially in a certain city then more individuals become commuters and choose to live away from the city of work, in the suburbs or in the neighbouring provinces). The propagation magnitude tails off as the distance from the ""drawing"" city increases. 10 For a definition of user cost see Poterba (1992) . 11 Chronologically, four classes of price model may be identified in real estate literature: early ad hoc models which contained a limited theoretical structure (panel model, autoregressive model, etc.), mark-up models which link house prices to construction costs; a reduced form models derived from housing demand and supply equations and the life cycle models (dynamic optimisation problem of consumer utility), further "hedonic" models have been developed (Meese and Wallace, 2003) . In this work, as the previous ones (Caliman, 2006 (Caliman, , 2009 , we adopt an ad hoc model. The functional forms, used in the literature, are several (for spatial literature see Pace et al., 2000) . In this work we select the semi-log form because it improves the goodness of fit. On the contrary this specification produces coefficient estimates that are not elasticities (differently to log-linear model).
(6)
is the iT2 matrix of the quantitative variables, whereas: (7) is the iT4 matrix of the dummy variables and of the ICI for the first-buyer. A detailed description of the variables is produced in to Appendix A.
The Database
The dataset is a panel of the 103 Italian provinces over the period 1995-2008 (1994 values have been gathered for the computing of the autoregressive component and house price long-term parameters). The main source of housing data is the "Consulente Immobiliare" (CI) published by "Il Sole 24 Ore" and updated twice a year. The house prices estimated using CI data refer to unoccupied "standard" residential properties 12 between 60 and 120 square meters (645.85 -1291.71 square feet) 13 . Although CI classifies prices as functions of location (downtown, inner city or outskirts) and obsolescence (new and recent houses), models have been estimated using only the downtown values because they resulted to be more reactive to the independent variable changes and because of the existence of important compensative effects among downtown, inner city, caused by a strong inter-areas migration. The rents, obtained from the same source, are expressed in thousands of euro per square meter, annually based, and refer to 60-120 squared meters houses. The absence of many variables describing housing supply locally and the delay in the publication of these variables (3-5 years) made possible the inclusion of only one index, that is the annual construction cost of residential property index, provided by ISTAT at regional capital city level. The Tagliacarne Institute and Unioncamere provided the data related to real household disposable income per capita (annual) in each province, which has been used to compute the affordability ratio. Some difficulties has been overcome to make homogeneous the two different time series coming from these two Institutions. The dataset also included the number of employees and the population growth in the province. The residential population has been provided by HFA (Health For All) by ISTAT and the employed population has been provided by Istituto Tagliacarne. The dataset also contained the long term loan interest rate (disaggregated by region as provided by the Bank of Italy). The main Italian Stock Market Index, the Mib30 has been introduced as it can be considered an investment choice alternative to house buying. Another variable qualifying the credit market is the flow of long-run loans towards households in order to purchase properties (annual series provided at a provincial level by the Bank of Italy). The inclusion of this regressor is justified because loan flow does not only depend on the interest rate but it is also a function of how the credit market changes over the years modifying the household accessibility to credit. The last group of the variables included in the dataset are the 6 ones which can be included in the user cost. This also contains the ICI (Local Tax on properties). An online database (ANCI, National Association of Italian Municipalities) which incorporates three time series for each province (annual data) is available: the rate of ICI for first-time buyers; the rate of ICI for second-time buyers; the deductibility of ICI for first-time buyers. Missing values have been treated using the traditional statistical techniques (see, among the others, Allison, 2002 and Rubin, 2002) . Appendix B reports the main descriptive statistics of the key variables measured at a provincial level. Focusing the attention on the logarithm of House Prices (lHP) from 1995 to 2008 it can be outlined that, along with the expected increase of the mean value across the 107 Italian Provinces, the range (max -min) moved from 1.745 (8.430 -6.685) up to 2.001 (8.904 -6.905) along with a standard deviation rising from 0.338 up to 0.381. Therefore the overall increase in the house prices is not uniform on all provinces with different intensities at provincial level. This justifies the necessity of analyzing "locally" instead of "nationally" house price phenomenon in Italy.
Econometric issues and empirical results
The adopted model is a Spatial Lag -SAR and Spatial Error -SEM model (or time-space recursive) in order to take into account a spatial lag and spatially autocorrelated (and possibly not spherical) innovations 14 . House price spatial autocorrelation has been confirmed through the Baltagi et al. (2003) LM test (see Table 1 .). In this study, housing prices tend to be spatially autocorrelated because neighbourhood provinces demonstrate similar socio-economic background, measured by analogous income levels, employment rates, construction costs, rents. The spatial autoregressive model with spatial error term has been estimated through the Maximum Likelihood technique (ML) 15 using the splm library for spatial panel data models elaborated by Millo and Piras (2008; (Table 2 .) confirmed, first of all, the improvement of goodness of fit (measured in terms of squared correlation between the estimated values and observed values) of the Model 1. with respect to the Model 2. and the Model 3. (for this model many estimated coefficients are insignificant and the signs are incoherent). Secondly, empirical results for the Models 1. and 2. are robust (the coefficients have resulted to always be stable in these two models and their sign is consistent with the theoretical model). The results, finally, confirmed the fundamental justification of Italian house prices 16 . The reversibility factor 14 House prices tend also to experience spatial heterogeneity, which is believed to be indicative of geographical segmentation of real estate. The heterogeneity problem has been taken into account in Caliman (2008) and different estimates have been done for Italian real estate submarkets. As the estimates were not relevantly affected by this problem in the present work we decided to overcome the discussion. 15 The previous works used GMM techniques. Some authors sustain the bigger efficiency of the ML estimator than GMM one. Egger et al. (2009) , through some Monte Carlo simulations gave a validation of that idea. 16 This result is in line with the IMF study (2008): Italy"s "house price gap" can be considered "medium" or "small". The "house price gap" is the unexplained increase in house prices and could be interpreted as a measure of overvaluation and, therefore, used to identify which countries may be particularly prone to a correction in house prices.
7 implies a gradual but significant realignment of market prices at levels compatible with fundamentals and controls for the persistency factor, reducing the risk of a sudden fall in property prices. According to the procedures adopted by IMF researchers (Terrones et al., 2004) "the increase in house prices during the expansion phase are compared with the model"s predictions". The differences between observed increases of house prices (registered for 103 Italian provinces during the expansion phase, [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] and their estimated values (based on house prices from 1994 to 2008, a period which contains also a contraction phase), divided by observed values, are satisfying (an average fitting error of 0.073% of the actual values). The increases reported during the expansion phase are quite large but not exceptional so that, on average, the model can explain most of the increase in house prices during the expansion phase (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . Secondly, the real house price dynamics in Italian provinces are weakly persistent with a serial correlation coefficient of 0.05 which implies that there is a little tendency in real house prices to rise after that they have risen the previous year. Moreover, the real house prices have shown a reversion towards the prices which are compatible with the fundamentals. If house prices are out of line with income, there is a gradual tendency for this realignment. The economic fundamentals and the time variant dummies (describing the evolution of sectorrelated Italian legislation) show the expected sign of the coefficient and are significant. For instance, the mortgage renegotiation possibility introduced in 1998 caused an increment of 0.087 on average. Differently from Caliman (2009) the introduction of the Euro has determined a positive global effect. This dummy has a bivalent effect: on the one hand there is the revaluation effect of euro introduction, on the other hand its introduction produced the stabilization of the interest rate and the interest convergence to lower levels (this had radically modified the expectations). Thus the inclusion of spatial effects and the dataset updating seems to have modified the global effect of the EURO dummy: it seems that the revaluation effect instead of its consequent change in expectations is prevailing. A positive correlation of house prices with respect to the growth of employees is confirmed. A florid job market, which characterizes some provinces, produces individual migration flows to these provinces and therefore sustains their house prices. The population growth has also a positive effect on house prices. In fact this variable can be considered as a proxy of the demand growth (or the possible buyers). An increase of income per capita growth induces a house price increase, too. This variable, in fact, measures the accessibility of house purchase. The index of the construction cost of a residential building is not significant in all the estimations so it"s neglected. This is consistent with the greatest part of the studies on the British Real Estate market, and inconsistent with the analyses on the American Real Estate market. Empirical results show also that the elasticity of house prices with respect to credit dynamics is statistically significant and positive; and the elasticity with respect to interest rate is 0.5, so a rate reduction of 1% leads to increases of 0.5% in the real house prices. The ICI first buyer elasticity has a negative effect. The stock market crash dummy is significant and negative, that is a stock Exchange bust induces an upsurge in house prices. The rent dynamics affect positively and significantly house prices. Thus a higher housing investment returns induce a house price revaluation. Finally, empirical results confirm that the SAR regressor is significant and its inclusion allows an improvement of goodness of fit, that is the house price spatial autoregressive component constitutes a relevant regressor for the model. 8 6. Concluding remarks In this paper a time-space recursive model for the Italian housing market has been performed in order to test the existence of spatial effects and to evaluate the Italian exposure to house price bust. Two main insights emerge from our analysis:
1. First, the Italian house price dynamics show spatial dependence and autocorrelation. 2.
Second, Italian house price dynamics are justified by fundamentals. 3.
Third, the spatial model improve the goodness of fit and confirm the great part of the previous empirical results (Caliman, 2008 (Caliman, , 2009 ). In the estimated model, only two fundamentals(the interest rate drop and the consistent rent increase) explain the bulk of Italian house price increases during the expansion phase (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . Furthermore the differences between the house prices reported by the Italian provinces during this expansion phase (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) and the model"s estimates, normalized through the observed values, are very small: an average fitting error of 0.073 % of the actual values. Therefore, not only does the model explain most of the increases in house prices during this expansion period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , but these increases are in the main justified by fundamentals. Furthermore the estimated reversibility factor controls the persistency and shows a gradual and partial realignment with the long run affordability ratio. These facts constitute further evidence of the low Italian exposure to a possible house price bust. (Years 1995 (Years -2003 . 
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FIGURES
Figure 1 -Real House Price Variation (Left scale), Price Rent Ratio and Affordability Ratio (Right scale, both) for the period 1995 -2008 (ours elaborations on the collected "provincial" data).
